The toxicity of triphenyltin has been determined after its acute oral and intraperitoneal administration in rats, guinea-pigs, rabbits, mice, and hens, after feeding it to rats and guinea-pigs, and after its application to the skin of guinea-pigs.
four animals. The tissues of the animals were not examined histologically in all cases, but, when they were, routine staining methods were used. The water content of the brain and spinal cord was determined by drying in an oven at I05sF. Statistical comparisons of the means were made according to Student's t test (Fisher, '934) .
Results

Acute Toxicity
Triphenyltin Data for the acute toxicity of triphenyltin acetate given by different routes to rats, guinea-pigs, and mice are summarized in Table I . As indicated by the LD50 values, triphenyltin was more toxic to all species when given intraperitoneally than when given orally. The degree of difference associated with the two routes was greater for rats and hens than for guinea-pigs, mice, and rabbits. The guinea-pig was the most sensitive species tested, irrespective of the route of administration. 8-5 (5.7*) 49I (4-ot) 65- 66-6- The figures in parenthesis give the corresponding LD50 values of triethyltin for comparison from Stoner et al. (I955) , Barnes and Stoner (1958) Rats given pharmacologically effective doses of triphenyltin acetate (> 6 mg./kg. body weight intraperitoneally) became quiet and ill, and when the dose was large enough there was progressive weakness culminating in death. The rapid onset of weakness, which was a striking feature of triethyltin poisoning (Stoner, Barnes, and Duff, I955) , did not occur, and symptoms appeared more slowly. Excitability was seen in female rats given 6-8 mg. triphenyltin acetate/kg. intraperitoneally.
Mice resembled rats in their response to triphenyltin.
Guinea-pigs showed more definite symptoms with loss of weight, generalized weakness, and paralysis of the hind-limbs.
In all three species the survival time was approximately inversely proportional to the dose but death sometimes occurred up to seven days after intraperitoneal doses and up to I2 days after a single oral dose. Some later deaths occurred after intraperitoneal doses but as they could not be attributed directly to triphenyltin they were excluded from the calculation of the LD50s. Necropsy showed that these deaths were due to volvulus or other forms of intestinal strangulation by adhesions in the peritoneal cavity. Deaths from this cause have been seen in other experiments where arachis oil has been used as a vehicle for intraperitoneal injections.
The intraperitoneal LD50 of triphenyltin acetate in the rabbit was about i6 mg. /kg. It was less toxic by mouth; I40 mg./kg. killed two out of three rabbits. The effects differed from those seen in the other three species. Almost immediately after the intraperitoneal injection there was marked vasodilatation in the ears and hyperpnoea. These changes were reversible and with non-fatal doses were usually the only ones seen. With fatal doses generalized muscular weakness developed. The rabbit lay prostrate on its side with slow respirations, and death occurred suddenly after a few hours but terminal convulsions, like those seen in triethyltin poisoning in the rabbit (Stoner et Fig. i , at the end of the tenth week the concentration of triphenyltin acetate was increased to 300 p.p.m. After a further three weeks the rats began to lose weight although the pair-fed controls continued to gain. The treated rats became ill and five of them died after being on the diet containing 300 p.p.m. for II7, II9, 128, I33, and i68 days respectively. One of these rats died of middle ear disease but the cause was not established in the others. The remaining rat was killed after being on the 300 p.p.m. diet for 28I days. It then weighed 235 g., 50 g. less than when it had been put on this diet at the end of the tenth week of the experiment. There were no deaths among the controls. Although the treated rats became ill and weak before they died, they did not show any characteristic symptoms.
Guinea-pig In the first experiments (Table III) the guinea-pigs were housed together in groups of four to five and fed powdered diet S.G.i supplemented with about 50 g. of cabbage twice a week. The addition of triphenyltin to this diet seemed to reduce its palatability. Except at the highest level the rate of increase in the body weight of the treated animals was the same as in the pair-fed controls. tThe total number of animals in the group is shown in the denominator and the number of dead in the numerator.
The controls were pair-fed to the group on the highest dose of triphenyltin except for the group marked with an asterisk which were fed ad libitum. on 50 p.p.m. they had all begun to lose weight, and this continued until death. (The pair-fed controls maintained their body weight.) After about 14 days all the treated guinea-pigs showed some weakness, especially of the hind-legs, and had a rather odd, 'humped' gait. Weakness progressed, and when they were moribund they lay on their sides. Death often occurred quite suddenly and was difficult to predict within 24 hours. A similar pattern of change was seen in all the treated guinea-pigs which died. Survivors in affected groups showed episodes of loss of weight, slight weakness, and loss of fur from which they recovered. Unexplained deaths still occurred among the controls but rather less frequently than before. Scattering of the food still occurred but it was possible to keep a better account of food consumption. This was reduced by the addition of triphenyltin to the diet (Fig. 3) At necropsies on guinea-pigs which died or which had been killed when moribund the stomach was usually empty and the bulk of the intestinal contents was reduced. The body was very wasted but no other characteristic changes were seen. In some, but not all, there were lung changes such as patchy consolidation suggesting terminal pulmonary infection. In some also there was an increase in lipid in the parenchymal cells of the liver, probably reflecting the very low food intake during the few days before death. In experiment S38 (Table III) the faeces of the animals on the higher dose rate were examined bacteriologically after 49 days on the diet. The types of organism cultured from the faeces of these animals were the same as from the faeces of their controls. At the end of experiment S44 (Table  IV) the testes were examined. Their weight, as a percentage of body weight, and histological appearance were the same in the treated and control animals.
The lowest dosage rate tested was i p.p.m. (Table IV) . Although the guinea-pigs receiving this dose appeared well during the 95 days of the test, their growth rate was adversely affected (Fig. 4) . The controls in this experiment were fed ad libitum but food consumption in the two groups was the 120- Water Content of the Central Nervous System An increase in the water content of the white matter of the brain and spinal cord is a characteristic feature of triethyltin poisoning (Magee, Stoner, and Barnes, I957) , and a similar lesion was sought in triphenyltin poisoning.
The guinea-pigs studied from this point of view were from the experiments recorded in Tables III  and IV, Histological examination of the brain and spinal cord from these guinea-pigs and rats did not show the separation of the fibres in the white matter seen in triethyltin poisoning (Magee et al., I957) .
Discussion
These experiments show that triphenyltin is a highly toxic compound, particularly in the guineapig. The greater sensitivity of the guinea-pig, compared with that of other laboratory species, was also observed by Klimmer (I963), and the present results confirm our earlier remarks on its susceptibility to triphenyltin (Stoner et al., i955) . The toxicity (LD50) of triphenyltin in these tests on guinea-pigs (oral and intraperitoneal), rats (intraperitoneal), and rabbits (intraperitoneal) was of the same order as that reported by Klimmer (I963, I964). However, he gave a much lower value for the oral LD50 in the rat-I36 mg./kg. This value was obtained with triphenyltin acetate suspended in tylose and may reflect the difference in the vehicle (Heath, 1963) .
Klimmer also gave a figure of 450 mg./kg. for the percutaneous LD50 of triphenyltin acetate in the rat. This, together with the results of our percutaneous toxicity tests on guinea-pigs, suggests that triphenyltin does not easily penetrate unbroken skin.
The results of the acute intraperitoneal tests showed that the intrinsic toxicity of triphenyltin was high in all the species studied. Indeed, in terms of LD50s, its intrinsic toxicity was not very different from that of triethyltin, the most toxic trialkyltin compound (Barnes and Stoner, I958) . From one point of view this is perhaps not surprising for the intrinsic toxicity of several lower members of the trialkyltin series is of the same order (Stoner et al., I955; Barnes and Stoner, I958) , and in vitro (W. N. Aldridge, personal communication) triphenyltin inhibits oxidative phosphorylation by isolated liver mitochondria and the activity of brain microsomal adenosine triphosphatase to about the same degree as tri-n-butyltin (Aldridge and Street, 1964) . Nevertheless, triphenyltin differed in its toxicological properties from triethyltin in several respects.
While our previous work (Barnes and Stoner, I958) had suggested that the toxicity of triethyltin is not much altered by the route of administration, this was not the case with triphenyltin. Species differ markedly in their ability to absorb triphenyltin from the intestinal tract. Poor absorption has been reported in ruminants (Briiggemann, Barth, and Niesar, I964; Herok and Gotte, I963) . Guineapigs absorbed it readily but rats only poorly. This might be related, in part, to the way in which it was presented to the intestinal mucosa but could not be group.bmj.com on July 5, 2017 -Published by http://oem.bmj.com/ Downloaded from explained by breakdown of the triphenyltin in the gut of the rat (Heath, I963) . The situation in guinea-pigs is interesting because they are much more resistant to dietary triethyltin than rats (unpublished results).
Like triethyltin (Cremer, I957), triphenyltin is not readily metabolized in the body (Heath, I963) and, on the evidence so far available, its toxicological effects should be attributed to the action of the unchanged radical. Diphenyltin, which might be postulated as the first breakdown product, behaved quite differently, its irritant properties resembling those of some other dialkyltin compounds (Barnes and Stoner, I959 (Heath, I963; I965) but when slices prepared from the brains of rats, severely ill four hours after the intraperitoneal injection of 30 mg. triphenyltin acetate/kg., were examined their metabolic behaviour was the same as that of brain slices from normal rats (J. E. Cremer, personal communication) . In this respect triphenyltin differed from triethyltin (Cremer, I957) . It also differed in not causing oedema of the central nervous system. According to G. J. Van Esch and his colleagues (personal communication), triphenyltin can cause cerebral oedema in both rats and guinea-pigs but we have never found this although we have made repeated attempts. The best evidence for the absence of cerebral oedema came from the rat experiments since it is comparatively difficult to produce cerebral oedema with triethyltin in guinea-pigs (Kalsbeck and Cumings, I963) . Although the intraperitoneal toxicity of triethyltin in the guinea-pig was about the same as in the rat, we were unable to produce cerebral oedema in the guinea-pig in acute experiments. Gross oedema was, however, found at the end of an experiment in which they were fed I0 p.p.m. triethyltin acetate for i6 days, followed by 20 p.p.m. for 24 days, 40 p.p.m. for 2I days, and finally 8o p.p.m. for 43 days.
Other biological actions have been described for triphenyltin such as effects on erythro-and leucopoiesis (G. J. Van Esch, personal communication) and a chemisterilant action on insects (Kenaga, I965) but these types of effect were not sought in our experiments. Klimmer (I964) has suggested that triphenyltin lowers resistance to infection on the basis of an experiment in which 70 % of the rats fed 50 p.p.m. died of intercurrent infection. Our rats were much more resistant to triphenyltin, and secondary infection was not often seen in the treated guinea-pigs which died. Coexistent malnutrition is another possibility. This could have played a part in the death of the guinea-pigs on high dose rates for their food intake was depressed. However, the guinea-pigs on i p.p.m. ate well and appeared normal apart from the slower growth rate.
There are obviously many difficulties to be resolved before one could specify a 'no-effect level' for triphenyltin acetate which could be usefully extrapolated to man. From the present data it appears to be very low, < o-i mg./kg./day. With the usual safety factor of I00, this would imply an acceptable daily intake for man of less than o-ooi mg./kg. and would mean that very little triphenyltin could be permitted as a residue in food, certainly less than the i p.p.m. suggested by Hardon, Besemer, and Brunink (I962) . Indeed, relevant residues in food could not be estimated by available methods. Fortunately this exercise may be unneces-2.28 group.bmj.com on July 5, 2017 -Published by http://oem.bmj.com/ Downloaded from sary as triphenyltin is not a systemic fungicide in celeriac and sugar-beet (Herok and Gotte, I963) or potatoes (A. J. Pieters, personal communication). Provided that it can be shown that triphenyltin does not contaminate the part of the crop which is eaten, its use as an agricultural fungicide would not seem to present a consumer hazard.
